ABSTRACT The association of racial segregation and health outcomes has been reviewed recently in the literature, but the health effect of other contexts of segregation with respect to residential environment has not as yet been fully reviewed. Besides, most of the literature on segregation has been performed in Western countries. Here, we undertake a multilevel analysis of residential segregation of socioeconomic and demographic factors and disability rate in an Eastern developing country in order to elucidate the effects of this aspect of segregation on disability rate. The latest Iranian national census in 2006 was used to measure segregation indices and perform the analysis. Information theory index and its ordinal form were applied to measure evenness dimension of segregation of categorical and ordinal variables, respectively. Segregation of contextual and structural characteristics of residential environment, which are important determinants of socioeconomic status in Iran, had different relations with disability rate. Provinces which were segregated by type of occupation of residents, sex, and ownership of a motorcycle had a lower individual disability rate, while age segregation and house ownership had a positive effect on the rate of individual disability in the province. The findings also showed that almost all the aforementioned segregation indices had the same effect on the rate of family disability. The unique contribution of this study is that it considers how segregation with respect to aspects of social characteristics other than race affects health outcomes. Further studies in this regard may reveal new insights into health outcome inequalities.
INTRODUCTION
One of the most interesting topics in the fields of epidemiology and social science is the relation between patterns of health outcomes and residential environment. 1, 2 During the past decade, researchers have shown interest in how contextual factors influence health. Measures of segregation are remarkable tools for the analysis of social inequality. These indices describe complex structural patterns by just one quantity. The indices are mostly used to measure the amount of disparity in the distribution of different racial groups over different residential neighborhoods. 3 Residential segregation refers to the differential distribution of groups across a geographical location. It measures the degree to which diverse individuals reside in different neighborhoods. It is commonly believed that residential segregation affects individuals' choices and their economic, educational, and occupational opportunities by restricting access to facilities within neighborhoods. Furthermore, it serves to accumulate poverty in disadvantaged areas and contribute to social exclusion and isolation. It also affects intergroup connections in society. 4 Many papers have explored the effects of living in more segregated communities on health disparities and the links between residential segregation and health outcomes, including the relation between racial residential segregation and overall death, 5, 6 tuberculosis, 7 cardiovascular diseases, 8 high body mass index, 9 pre-term birth in black populations, 10 and also social outcomes such as early adolescent sexual activity, 11, 12 black homicide rates, 13, 14 poor self-rated health, 9, 15 access to employment, educational inequalities, crime, and other aspects of social and economical well-being. 16 So far, our literature review has shown that the relation between segregation and disability has not yet been investigated.
According to the WHO, approximately 650 million people live with disabilities of various types, and the number is increasing due to the rise of chronic disease, injuries, road traffic accidents, falls, violence, and other causes such as aging. Of this total, 80 % live in developing countries. 17 Reported prevalence rates of disability vary dramatically across the world. For example, the rate varies from under 1 % in Kenya and Bangladesh to 20 % in New Zealand because of variants in disability definition and methods of data collection. 18 Previous work on segregation is limited in several ways. Firstly, so far, literature on the effects of segregation on health has mostly considered the effect of racial segregation. The health effect of other contexts of segregation, with respect to residential environment, has not been reviewed. A second limitation concerns the methods used for measuring segregation. Most papers on segregation have used two-group indices of segregation. These indices are not appropriate for multigroup nominal or ordinal variables.
Thirdly, the majority of segregation research has focused on Western countries, and little work has been done on Eastern developing countries. In Iran, this article is the first in the field of segregation.
In light of the aforementioned limitations to the existing literature in this study, with the help of recent advances in measuring multigroup segregation indices, we intend to respond to the following question in the context of an Eastern developing country. Could residential segregation of socioeconomic and demographic factors explain differences in the prevalence of disability, adjusted for individual factors, between provinces of Iran?
MATERIAL AND METHODS

Database
The general population and housing census is one of the largest data-gathering projects in Iran, and it is undertaken every 10 years. A variety of information regarding demographic and socioeconomic factors is gathered through this process. A special feature of the recent census in 2006 was that in addition to standard census questions, some questions specific to health outcomes were added. Some of these questions were related to the existence of disability in individuals and families.
The census data were presented as two large, stratified random sample databases from the Iranian National Statistic Center. One sample database contained individual data and the other contained family data. Variables relating to individuals were to be found in the individual database, and variables relating to families were found in the family database. Since some of the key demographic variables in the individual database were completed only for persons over 10 years old, we limited the analysis in the individual dataset to the population of those over 10 years of age.
Variables
The specific variables in the individual database, predicting socioeconomic status, which were used for the analysis are as follows: age (as a continuous variable which was centered to mean in the analysis); sex; nationality (Iranian versus non Iranian); migration (whether the person has immigrated from another place to their current location in the previous 10 years); level of education (illiterate, primary school, guidance school, high school, university degree), for which four dummy variables were created; occupation (unemployed, employed in a fixed job or worked at least 1 h in the previous week, student, homemaker, income from other sources, other), for which five dummy variables were created; marital status (unmarried, married, widowed or divorced), for which two dummy variables were created; and existence of disability.
On the premise that wealthier families are more likely to own a given set of assets and characteristics, our work, like the work of Hosseinpoor et al. 19 measuring socioeconomic inequality in the field of infant mortality in Iran, also used the following variables which existed in a separate family database: number of family members (in six ordered categories containing one, two, three, four, five, six, and more individuals, which was centered to median in the analysis); percentage of literate individuals within a family; percentage of individuals with employment in a family; percentage of family members who are students; ownership of a car in the family; access to the Internet by family; accommodation size (G50, 51-75, 76-80, 81-100, 101-150, 151-200, and more than 200 m); numbers of rooms per capita in the home; existence of a separate kitchen in the home; use of natural gas for cooking and heating; house ownership; ownership of a motorcycle; existence of a separate bathroom in the house; effluent disposal system; and the existence of at least one disabled individual in the family. The data on these factors were extracted from more than 334,000 families and more than 1,100,000 individuals.
Segregation Indices
Residential segregation relates to the uneven distribution of subgroups of a particular characteristic (e.g., racial subgroups, educational subgroups) across a region, perceived in terms of the degree to which various groups of individuals (e.g., those belonging to different educational levels) reside in different neighborhoods within a region. The term segregation does not apply to the individual neighborhood but describes the larger region. 20 Massey and Denton, in 1988, through a systematic analysis on 19 segregation indices which were identified from the review literature, argued that segregation is not a unidirectional construct, but has five distinct dimensions: evenness, exposure, clustering, centralization, and concentration. 21 In this paper, to measure residential segregation, we used the information theory index which measures evenness dimension of segregation. Most work on segregation measurement has been limited to measuring segregation between two population groups (e.g., literate and illiterate). In 2002, Reardon and Firebaugh 22 introduced multigroup measures of segregation. For binary and multigroup nominal categorical variables, we used their work for measuring multigroup segregation. But these indices are not appropriate when the categories of the variables are ordinal. Hence, to study residential segregation among groups defined by educational attainment, housing area, and other ordinal variables using the work of Reardon, 23 we applied the ordinal information theory index.
According to Reardon et al., 24 information theory index is superior to other indices of multigroup segregation. It is the only index that satisfies "the principle of transfer" and also has "additive group decomposability" and "additive organizational decomposability." 25 This index is one of the most widely used segregation indices after the dissimilarity index. 26 Information theory index measures variation in diversity across subareas (municipality zones), and diversity of the population is defined as the entropy (E) of the population.
M defines the levels of the variable for which segregation is measured, such as education levels or age groups. The information theory index is defined as
where E r is the entropy of municipality space r, t is the population of municipality space r, and T is the population of province. 25 Ordinal information theory index measures the extent to which ordered groups of variables (such as ordered levels of educational attainment) are evenly distributed across neighborhoods (municipality zones). 23 Segregation indices were measured for every province among the "municipal spaces" of each province. In 2006, the Islamic Republic of Iran was composed of 30 provinces and 1,012 cities. Among the 1,012 cities, major cities such as Tehran, with a population of more than 7.5 million (more than 10 % of the country), were included. Because of the size of its population, it would have been absurd and analytically useless to consider all of its residents in one unit of analysis; hence, in a way similar to the work of Ethington 27 on Los Angeles city, we divided each major city into municipal districts and considered these as units of analysis. In total, there were 1,135 municipal zones in the country. These municipal zones were standard census units in the Iranian national census of 2006.
Contextual Variables
The contextual variables in the model were the segregation indices which were computed for variables, which are defined in Table 1 .
Outcome Definition
Any person with at least one of the following problems was considered a disabled person: blindness, deafness, speech disorders, amputation at any level of an upper or lower limb, any physical or functional disorder in an upper limb, lower limb, or torso, and any mental disorder. This definition was the standard definition for disability according to the technical guideline of the census and accords to the medical definition of disability. 28 The first outcome of interest was the existence of disability in the individual; the second outcome of interest was the existence of disability in the family.
Modeling
We used a two-level logistic model to account for the clustering of individuals within geographical units (provinces) while allowing for the estimation of effect of contextual factors after controlling for individual covariates. Bryk and Raudenbush 29 claim that although any number of levels could be represented, the essential statistical features are found in this basic two-level model. Analyses were performed with STATA version 11. 
Goal 1 To assess whether disability varies across provinces
The gross variance in disability associated with the provinces was initially estimated with a random intercept model (model 1), which was equipped without any covariates and contained only an intercept and error term. This model provided a basis for decomposing the total variance in disability into the sum of individuallevel and contextual-level variances.
Goal 2 To evaluate the relationship between level 1 variables (individual and family variables) and the existence of disability in an individual or family, respectively
We added explanatory level 1 variables to model 1 to estimate the net effect of these variables (X mij ) on the outcome of interest (model 2). The slope of these level 1 variables was considered fixed, as opposed to random, because we did not assume a priori that the effect of these variables on disability varied among provinces.
where π ij is the probability of the dependent variable, existence of disability in individual or family i in province j, and u 0j is the group effect or level 2 residual Goal 3 To determine whether contextual explanatory variables (segregation indices) account for variation in disability across provinces Model 2 was expanded by adding segregation indices (S nj ) to determine whether they account for the variation in disability among provinces (model 3).
As shown by the subscript j, S nj is measured at level 2 (province level) and varies across provinces, but X mij is measured at level 1 and varies across individuals or families which are nested in provinces.
Descriptive statistics for the outcome were calculated with the SVY procedure and multilevel modeling with XTMELOGIT procedure in the Stata software package. The default method used by xtmelogit is adaptive Gaussian quadrature with seven quadrature points per level. 30 
RESULTS
According to the 2006 national census, the Iranian population above 10 years of age was 58,421,420. The country has 30 provinces and there are 1,135 municipal zones within these provinces, as defined by the Iranian National Center for Statistic. The prevalence of disability of those aged 10 years and over in the population was 1.75 % (1.61-1.89). Nationwide, 5.54 % (5.07-6.05) of families had at least one disabled person. A summary of segregation indices, which are measured for the contextual variables, are provided in Table 1 .
Association of Individual Disability and Segregation Indices
The analytic sample size contained more than 1,100,000 individuals over 10 years of age. The prevalence of individual disability in different provinces of the country is depicted in Figure 1 . In 15 of the provinces, the rate of individual disability was lower than the national average rate; in four provinces, it was higher than the average.
The log-odds of disability in an average province (with u 0j =0) was estimated as B 0 =−4.045 (odds=0.017). The intercept for province (j) was equal to −4.045+u 0j , where the variance of u 0j was estimated as:
The likelihood ratio statistic for testing the null hypothesis that σ uj 2 =0 was 363.7 (p=0.0000). The results of models 2 and 3 are presented in Table 2 . The likelihood ratio test of comparing model 2 to model 1 was significant. Female sex, higher education level, history of migration, and marital status had a negative relation with disability. As the level of education increases, the probability of disability decreases. The odds of disability in illiterate persons were 10.2 (9.33-11.34) times those with university degrees. Disability was more prevalent in singles than in married couples, widows, or divorced individuals. Different occupations were related differently to disability. Individuals who were employed tended to have a lower probability of suffering from a disability compared to those unemployed, but homemakers and those who had sources of income other than employment tended to have a higher probability of suffering at least one disability compared to those unemployed. Age had a positive effect on disability. Level 2 variance of model 2 increased when compared with level 1, indicating that controlling for individual covariates increased the proportion of variance between provinces.
In model 3, the segregation indices were added to model 2. The likelihood ratio test of comparing model 3 to model 2 was significant. As shown in Table 2 , the coefficient of individual covariates has not changed much. Among the segregation indices, the coefficients of segregation measured for sex, occupation, accommodation size, effluent disposal system, ownership of a motorcycle, age, house ownership, use of natural gas for cooking and heating, and existence of a separate kitchen in the house were associated with the existence of disability. The first five had negative effects and the remaining four indices had a positive effect on disability. Level 2 variance in model 3 is much smaller than in model 2, indicating that segregation indices account for some variation among provinces with respect to disability prevalence.
Association of Existence of Disability in Family and Segregation Indices
The analytic sample size contained 336,419 families. The prevalence of existence of disability in families in different provinces of the country is depicted in Figure 2 . In 12 provinces, the rate of family disability was lower than the national average; in eight provinces, it was higher than the average.
The log-odds of families with at least one disability in an average province (with u 0j =0) was estimated as B 0 =−2.81 (odds=0.06). The intercept for province (j) was equal to −2.81+u 0j , where the variance of u 0j was estimated as: σ uj 2 =0.022. The likelihood ratio statistic for testing the null hypothesis that σ uj 2 =0 was 424 (p=0.0000). The results of models 2 and 3 are presented in Table 3 . The likelihood ratio test when comparing model 2 to model 1 was significant. Almost all family characteristics, except family size, decreased the rate of disability. The odds ratio of the existence of disability in families for a one person increase in the number of individuals living in a family is 1.43 (1.41-1.45). As the percentage of employment, literacy, and students in a family increases, the odds of disability decreases. The odds of disability in families who have a private vehicle, motorcycle, access to the Internet, and a larger house is lower than that of other families. Owning a house which has a separate kitchen, separate bathroom and an effluent disposal system, and is connected to the public natural gas network also decreases the odds of disability in the family.
The likelihood ratio test when comparing model 2 to model 3 was significant. The coefficient of individual covariates has not changed much in model 3. Among the segregation indices, the coefficients of segregation measured for sex, occupation, percentage of family members in employment, household size, existence of bathroom in the house, house ownership, access to public network, natural gas for cooking and heating, and existence of a separate kitchen in the house were associated with the existence of disability. The first five segregation indices had a negative effect and the remaining three indices had a positive effect on disability.
Level 2 variance in model 3 is much smaller than in model 2, indicating that segregation indices account for some variation between provinces with respect to disability prevalence.
DISCUSSION
Iran is a relatively large country in the Middle Eastern Region of Southwest Asia. Its current population is approximately 75 million, of which approximately 60 % live in urban areas and the remainder in rural areas. Different accounts of the number of disabled people in this country have been reported, most based on estimates from other countries rather than on confirmed studies. The most reliable study in this respect in Iran is the data gathered through the 2006 national census, in which the number of people with disability was 1,332,402.
There are several ways of defining disability. The most widely used is the medical definition indicating a disability as a physical, mental, or psychological condition that limits a person's activities. 31 There is also a social definition of disability which has recently replaced the medical definition. According to this definition, disability is the outcome of the interaction of a person with its environment and thus is neither person-nor environment-specific. 18 In the Iranian national census, disability was measured according to the medical model. To date, there have been a limited number of studies on residential segregation and health, and the majority of previous research has focused on racial residential segregation and different health outcomes. This study narrows the scope to disability, a more specific health outcome. This study is the first to show the specific distribution of disability in Iran and its association with a number of contextual characteristics of residential location at a provincial level.
The findings now show that residential segregation is associated with differences of disability prevalence between provinces, in both individuals and families, and this association is independent of those characteristics of individuals or families that are known to influence health outcomes.
Level 1 variables associated with a lower rate of disability include: individual characteristics such as lower age, female sex, foreign nationality, being married, higher level of education, and employment and family characteristics such as smaller family size, higher percentage of literacy, and employment in the family. A higher economic status of a family, characterized by larger household size, land ownership, or existence of a separate kitchen and bathroom in the house, was also associated with a lower rate of disability. These findings are consistent with results obtained internationally. In a study with respect to demographic factors associated with disability in the general population, sex, race, age, education level, number of inhabitants at a residence, family income, work environment, marital status, and physical activity were correlated with disability prevalence. 32 In a survey of disability carried out in Australia, families with a disabled child tended to be larger in size to those families without a disabled child. The educational status of family members was also associated with the prevalence of disability in this study, and the prevalence of disability when neither of the parents had completed secondary school was twice that of other families. In the Australian survey, the prevalence of disability in families in which both parents were employed was lower than in other families. 33 In our study, the odds of disability when all members of a family were illiterate was 3.67 (3.45-3.92 ) times the odds of disability when every family member was literate. The odds of disability increased 1.43 (1.41-1.45) times for each unit increase in family size and increased 3.9 (3.6-4.2) times when none of the family members were employed.
Different contextual characteristics had different effects on disability. Segregation of some factors had a positive effect and of others had a negative impact. Provinces segregated by type of occupation, sex, and ownership of a motorcycle had a lower individual disability rate, while age segregation and house ownership had a positive effect on the rate of individual disability in the province. In another words, in those provinces in which the diversity of age groups and house ownership were lower in their municipality zones, which resulted in higher segregation at a provincial level, the rate of disability in the province was higher than in more diverse provinces. In provinces in which occupational groups and the existence of a motorcycle in the family were not evenly distributed among their municipality zones, which resulted in higher segregation at a provincial level, the rate of individual disability was lower.
Segregation of structural characteristics of residential environment, which are important determinants of socioeconomic status in Iran, 19 also had different relations with disability rate. Provinces segregated by household size had a lower disability rate, but those provinces segregated with respect to the existence of a separate kitchen in the house and access to the public network of natural gas for heating and cooking had a higher disability rate. Houses without a separate kitchen and no access to the public gas network are usually located in the poorer areas of a province, and provinces segregated according to these characteristics usually have a lower economic status than other provinces. Such economic factors may be the intermediate cause of this association. The association of inequalities in health outcomes and socioeconomic status has been examined in many studies. In a study of nine developing countries, it was shown that an unequal distribution of consumption was associated with higher child mortality. 19 In a health survey conducted in India, levels of socioeconomic status composed of income, education, housing condition, and house ownership were associated negatively with child mortality rates. 34 In a study in a Brazilian city, the geo-economic classification of the city was correlated negatively with infant mortality. 35 The findings also showed that almost all of the aforementioned segregation indices had the same effect on the rate of family disability, except the effect of segregation of age groups, which was not significant.
The nonrandom clustering of different social groups in different municipality zones is not inherently good or bad. Segregation measures this departure from random distribution of housing, but the health-related effects of segregation are not due only to the patterning of residents; they are a result of a series of characteristics that force people to select different municipality zones, which results in varying social exposures, economic opportunities, and influential social interactions. In Western communities, the most important characteristic which differentially allots individuals to different residential zones is race. 36 In Iran, the stigma of a municipality zone is the key factor which influences people's choice and produces segregated areas. This itself is under the influence of cultural settings and the physical and contextual characteristics of the area, including the socioeconomic status of its residents, the mean level of education, occupations of inhabitants, crime prevalence, poverty concentration, infrastructural decay, and access to social, medical, and welfare facilities.
But is such segregation detrimental to health? A number of mechanisms have been suggested for the disadvantageous effects of segregation. According to these mechanisms, residential segregation gives rise to an individual socioeconomic status which is related to health. Segregation perpetuates and reinforces an unhealthy environment and contributes to changes in individual behavior with respect to risk factors. 36 The concentration of individuals of lower socioeconomic status in a municipality zone also results in reduced educational opportunities because there is evidence that schools in poor areas have an inferior quality of teaching, administration, and test scores when compared with schools located in more affluent areas. 36, 37 There is also evidence to support the positive effect of segregation. [38] [39] [40] Segregation in a geographic area, such as a province, is accompanied by a clustering of individuals of the same social group in smaller municipality zones inside that province. Studies evaluating the effects of neighborhood characteristics have also studied the effect of these "group densities" on health. According to Pickett and Wilkinson, 38 members of low-status minority communities, which live in an area with a higher proportion of their own group, tend to have better health than those who live in areas with a lower proportion. In other words, segregation in a geographic area is the result of integration in subareas, and such integration through a "group density" pathway and the subsequent support, which similar groups give to each other, may override the negative effect of segregation itself.
Limitations
Our results are subject to limitations associated with the use of census data. Disability was measured by specific questions put to individuals in the census by specifying a number of medical conditions according to the medical model of disability, which may underestimate the true prevalence of disability according to a social model, yet may be a good estimate according to the medical model. 18 Information theory index was used in the study because of its unique statistical characteristics, but in most studies, the dissimilarity index or isolation index has been used. Further studies are necessary to determine the best segregation index for measuring the effect of segregation of markers of socioeconomic status on health.
The choice of variables was limited to variables which were standard questions in the Iranian national census. This method is beneficial because of its consistency of repetition in subsequent censuses and the ability to perform time series crosssectional analysis across decades to determine health changes associated with changing segregation. But, on the other hand, other variables may exist related to the context of where individuals live, in which their segregation better describes health disparities between provinces.
CONCLUSION
In this study, the effect of segregation of specific contextual factors on one specific health outcome was reviewed. It is extremely valuable because it considers how segregation with respect to aspects of social characteristics other than race affects health outcomes, which has not, as yet, been fully reviewed.
Most studies focusing on segregation and health have hypothesized that segregation influences health indirectly through the formation of different neighborhood environments and by shaping the socioeconomic achievements of minority groups. Few studies have tested these pathways to see whether monitoring the quality of a neighborhood can explain the effects of segregation or not. 8 Further studies on the effect of segregation with controlling the concentration of the addressed contextual factors are recommended to test whether segregation of a contextual factor acts through the concentration of that factor or other contextual factors at a provincial level.
